BONE STIMULATING FACTOR 

ThisVpHcation is a continuation-in-part application of international patent 
application No. PCT/cWo0967 filed December 11, 1997, designating the United States, 
United States Patent A»on Sena. No. 08/763,458, filed December 1 1 , 1996 
5 international patent applMon No. PCT/CA 96/00401 filed June 7. 1996, al. of wh.ch 
applications are incorporate^ herein by reference. 

The present invention relates to polypeptides which stimulate bone growth. 
Understanding of issues related to bone growth and strength has progressed 
over the years, a summary being provided in international patent application No. 
10 PCT/CA 94/00144, published under internationa, publication No. WO 94/20615 on September 
15 1 994 

Various approaches to treatment of diseases involving reduction of bone 
mass and accompanying disorders are exemplified in the patent IKerature. For example, 
UnKed States Paten. No. 4.877,864, issued October 31 , 1989 describes human and bovrne 
,5 "bone inductive factors- International patent application published September 17, 1992 
under No 92/15615 describes a protein derived from a porcine pancreas which acts to 
depress serum calcium levels for treatment of bone disorders that cause elevation .« -«»m 
calcium levels. European Paten. Application No. 504 938 published September 23, 992 
describes the use o, di- or tripeptides which inhibit cysteine protease in ^< reatm ^ t>one 
20 diseases. International patent application published September 3, 1 992 under Mo. 92/14481 
discloses a composition for inducing bone growth, the composition containing act,v,n and 
bone morphooenic protein. European Paten. Application No. 499 242 published Angus, 19, 
1992 describes .he use of cell growth factor compositions thought to be useful in bone 
diseases involving bone mass reduction because they cause osteoblast proliferation. 
25 international patent appHcation published June 25, 1992 under No. 92/10515 

a drug containing the human N-.erminal parathyroid hormone (PTH) fragment 1 - 37. 
European Paten. Application No. 451 867 published September 16, 1991 describes 
parathyroid hormone peptide antagonists for treating dysbolism associated with calcium or 
phosphoric acid, such as osteoporosis. United States Paten. No. 5,461,034 issued October 
30 24 1995 to Yissum Research Development Company of the Hebrew University of Jerusalem 
describes osteogenic growth polypeptides identified from regenerating bone marrow. 

A relatively short half Me of PTH in the blood serum and the positive effect of 
intermittent PTH injection on bone volume led the present investigator to the hypothesis that 
PTH may in some way lead to induction of a second factor into the circulatory system. The 
35 presence of such a second factor in blood serum of rats and of humans has thus been 
investigated. 

It has been found possible to isolate from rat blood serum a polypept.de 
substance which, upon administration to rats incapable of producing PTH 
(parathyroidectomized rats), produces an increase in the observed bone mineral appos.t.on 
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ofthe rat peptide was 

evmbesized and used to scree hum < ^ . A pojP P 

nuc jelc acid sequence coding symbes,* ^ • 

deri ved sequence Gly ^ val ueu Asp Gin Asn ^ 

w Leu His L,s Lys Ala A a * Jh ^ mtad * ,ncrea*s ,n ^ ^ 

na s been observed tba, tne ■»» - . ^nu. ~ 

being 

administered -h •» P*P rf ^ foregolng 

16 sequence, sequence shown- „ was 

. rt G ,, ll eG l ybysAr9TbrAsnG.uH,sTbrA ro(sEQ10NO . 3) . 
, hu s synthesized. Gly » y ^ ^ uu Asp Gin Asn found 

some of the bone stimulatory adm inistered 

N0 ,bavebeensyn^edandeacbbasbe ^ 
A , a Ala Glu Thr Leu Met Val ^ Lys 

GWlleGWLVsArgThrAsn 

SEq.DND* Thr Asn Glu His Thr Ala Asp Cys Lys Ue 
GW UeGlyLysArgThrAsnGiu 

SEQ lD HO* Thr Ala Asp Cys Lys 

GlylleGlyLysArgThrAsn 
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! „ Thr Asn Olu His Thr Ala Asp Cys Lys ? hgs been found to 

normal polypeptide: 

s r:" 1 L ;— ,a GIU — 

S L : u Q :Xs.a W aO, U ™u uM e t Vaae U Asp Gl n 

LeuMetValLeuAspGlnAsn 
SEQ ID NO".16: 

Ara Tar Asn Glu HisThr Ala Asp C,s Lys lie ,„ inc , uae a 

m The poWepMa idea** as SEQ D ^ 

■ 0 «p the bone mineral apposition rate. 

polypeptide identified as SEQ ID n • 
mineral apposition rate: 

S C^r™ S nO lU H,sT MW a S ,c y s Ly s. N H I 
SEQ ID NO:27 



20 



25 



30 



35 



-4- 



CH 3 CO - Arg Thr Gin G,u His ™ tested, the peptides 

lemS T ™ 1 be more aable man those identic as 
identffled as SEQ !D NOs:25 and 26 were foun ^ ^ found be , ess 

SEQ ID NOs:9. 7 and 24. The polypeptide identified 
5 sfable than any of SEQ ID NOs: 7. 9 24. 25 an . & ^ ^ 2y were 

Each of the polypeptides MM I . SE 

f cund to increase the hone apposition ^ , D NOS , 5 , 2 e and 27 In which 

P„, yp ept,de sequenc e suspend ^ ^ ^ ^ ^ Nos:28 

,„e terminal amino acid residues ate not proteoted 

pattern, based on the side chains o, the comment amm 
LfO-amino sequences idenMed as SEQ ID NOs.9, 24. 

© ®.®.e-e-®-®-©- c " s - e 

, Jfc ,„ . x . , ne side chain does not hear a full ionic 
, , ,„ .be case of each side chain indicated by an ^ of 

c„a W under physical pendens. has an amin0 ac ld sequence o, 

charges within the polypeptide is to ^ ^^s. residues numbered n. n ♦ 
U p «„ 10 ♦ d ammo adds, wherem under ph y , <* „ , 3 , n * 7 are negatively 

4 „ ♦ 9 are positively charged ammo actds. residues num ^ ^ 

20 har 9 edaminoa.ds,whe re ,n,herema,n, g am»a^ «n«P 

r.ncharqed polar amino acids, and wherem , am teqe ^ ^ q 

having between to and 36 ammo acrds have been* ^ ^ 

can he from 0 up to 26. In pedicular -%^ZZ~» activity in d ude fhose 
Particular sequences shown to 'etam ^ 

26 m which substitutions have been made as Wows, ^ 

R . T/A - N/Q/A - E - H . " r/A - <W> , • -K I - ^ ^ ^ ^ a „ Q sM „ 

As can be seen, each of the ^ alom 

positions, respectively, of the sequence ^^ZJ^ to impad a negative polar 
contained in the side chain o, threonine ,s gene* ^ 
30 charge to the side chain while the "l* 1 -""^ asparasi „ e residue has a side 
t0 be non-polar. A, the third position o, ™~££Z rcha „ ged wlth famine, 
chain tha, contains the polar amlde S rouP « - Mn ^ ^ alanme 

having a similady polar amide group n d side ch ^ ^ ^ , ^ 

having a non-polar side chain. In the case of ^ ^ ^ ,„ ^ 
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can be deprotonated and thus have a negate charge, m .he ninth posKon, .here is nom,a,, y 
can be aepreiu shown , 0 read w ,, h the 

a cysteine residue which contains an SH group and subs . itu ,ed 
SH group of a second motecule resulting in a dimer. The cysteine residue can be subsututed 
„: : ylne, aianine or serine w„h retention o, bone-stimulato.a ctiv,y 
-T-> PotypeptideL which alanine has been substituted ,n place of each of the 

a^adds having a charJLde chain, SEQ NOs:34. 35, 36, 37 and 38, were found to acK 
™ ell substantia,,, ,ess Le stimulator, adivny than the family of compounds ,n w N* 
he Jlera, charge pattern a\d spacing was retained. On the other hand, sequence , 
I! he second, third, s M h anleventh amino acids were substituted bya,an,ne ,rg,yc,ne 
,„ the case of the seventh amino a\,d, which is a,an,ne in the parent sequence, SEQ 
NO-9) SEQ ID NOs: 39. 40, 41 and 42. ,argel, retain bone stimulatory achvrty. 

A polypeptide in which the ninth amino acid, cysteine, has been replaced b, 

Tyrosine (SEQ ID NO:43) was found to. have some bone stimulatory activity. 
Cosine (SEQ ^ J? mM am|n0 acid , asparaglne , has been replace 

, 5 by glutamlne .he eighth amino add, asUc add, has been replaced b, giutamic acid, and 
I nl amino acid cysteine, has beelplaced by aianine (SEQ ID NO:44> was found to 
have bone simulator, « ^ ^ ^ ^ ^ 

glutamine ,he eighth amino acid, W acid, has been replaced by glutamic add. and 
< 'he n! amino acid cysteine, has bel replaced by tyrosine (SEQ ID NO:45, was found ,0 

.ve bone — ^ \ ^ am| „ 0 ^ asparagine . has been replaced 
''^g.utamine. the eighth amino a\d, aspartic add, has been replaced by glutamic ad* and 
Hut amino acid, cysteine, halbeen replaced by serine (SEQ ,D NO:46> was found to 
^ave bone ^ ^ ^ ^ ^ ^ ,„„ 

pHK**, in mamma,s, the compound being denved from a polypeptide having the charge 
/ pattern of the amino add side cha\n charges provided by the amino acid sequence 

ponding to SEQ ,D NO:9. \ backbone o, the compound is preferably substanhall, 
30 isosteric with that provided b, the peVlde backbone of the amino add sequence 

responding .0 SEQ ,D NO* In a W aspect, the compound is itse a P^pephde. 
—7^) in a particular aspect, for example, polypeptides rdentified as SEQ ID 

^NOs.24. 25, 26, 27, 39, 40^1, 42, 43, 44, 45 and 46 the charge pattern ofthe compoun 
consists essentially o, that p\vided by the amino add sequence correspond^ .0 SEQ D 
NO-9 that ,s, it bears side chl charges in the order of and spaced as the ammo c, . - e 
ohams 0. SEQ ID NO:9 and doelot indude other amino adds. The invent™ ,nc udes a 
comZd with substitutions of Xquence corresponding ,0 SEO ID NO:9 whrch re,a,n 
bone stimulatory activity in mammal* 
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ln one aspect. « -ntlon is a compound « = 
nuance from which the polypeptide isdertved « ^ ^ ^ ^ ^ 

seiected from the sequence corresponds to SEQ > • e ^ 

provided by SEQ ID NO:9. Such a ^^^JJ^^^ to SEQ ID 
5 P 0( up to 2 5 consecutive an.no a.ds ^ ^ portio „ (str1ng o( 

-» 

contiguous amino add residues) on 

acids selected Iron, the sequence correspon ,ng o SEQ »^ bone 

,„ another aspect, the invention includes . c omp ^ ^ 

„ stimulate, activity in mamma,, in which the "^^^ , D NO: 9 and 
chain charges provided by the amino ac, identified as SEQ ID 

having up tc about 83% sequence homology - pare" s ^ ^ 
N0 , . The invention also includes a >»*^. h ^^ hl|n ^ provided b» the 

1 5 amino acid sequence .dent.fied as SEQ iu 

w«r o ^ R or 9 of SEQ ID NO.9. 

..terminus o, SEO ID NO, « « - ho mc,ogue. Correspondingly. 

20 SEQ ID NO-.1 , or both (a) and <b). or a funaionav ^responding to SEQ 

„ invention includes a polypeptide ha»g an amino a- q ^ ^ ^ ^ 

« „«,:, with (a, from one to about four 4 amino ac s de, ted, ^ ^ 
NO* C.onetoabou^ amino aci = 

(a) and (b); or a functionally equivalent homologue^ q ^ ^ 

26 proteins is understood ,0 those skilled ,n the * «*« ^ ^ ^ ^ 

Bio,c*y (H. Lodlsh. D. Baltimore, A. Berk, 81 » P- . nventjon 

Scien* American Books. New York C«y. Th, rt E < oM ^ ^ ^ 

includes a polypeptide having an amino acd seq u nc « 9 ^ 

(a) up to about tour 4 amino adds deleted from the N-fcrm, u ^o ^ ^ ^ 

» about 16 amino acids deleted from the C-,erm,nus , SEQ ID NO ^ ^ 

acid sequence correspondmg^o SEQ ID ^ ^ ^ ^ ^ (rom ^ c . 

from the N-terminus of SEQ ID NO 5 (D) P iva , e nt homologue. The 

terminus ot SEQ ID NO*, or both (a) and (b), or a * " d °" ^corresponding to SEQ ID 
35 invention includes a polypepttte ^^J^J. o, SEQ ID NO* «* 
NO:6 with (a) up to about tour 4 am,no acd .deleted fro ^ ^ 
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deleted from the N-terminus of SEQ ID NO:7, (b) up to about 1 amino acids deleted from the 
C-terminus of SEQ ID NO.4, or both (a) and (b); or a functionally equivalent homo.ogue. The 
invention also includes a polypeptide having an amino acid sequence corresponding to SEQ 
ID NO-8 with up to about four 4 amino acids deleted from the N-terminus or a functionally 
5 equivalent homo.ogue. The invention inc.udes a polypeptide having an amino acid sequence 
corresponding to SEQ ID NO:9 or a functionally equivalent homologue thereof. 

The invention includes a polypeptide up to about 30 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally 
equivalent homologue thereof which promotes bone growth in mamma.s. The polypeptide 
10 can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-termina. protecting group can be an acetyl group. The C-termina. can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 

thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 25 amino acids m length 
1 5 comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally 

equiva.ent homo.ogue thereof which promotes bone growth in mamma.s. The po.ypept.de 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-termina. protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxy. group to an amide group, in which for example, the amino nitrogen 

20 thereof is bound to two hydrogen atoms. 

Alternatively, the invention includes a polypeptide of up to about 20 amino 
acids in length comprising an amino acid sequence corresponding to SEQ ID NO:9 or a 
functionally equivalent homologue thereof which promotes bone growth in mammals. The 
polypeptide can have a protected terminal amino group, or a protected terminal carboxy. 
group or both. The N-terminal protecting group can be an acetyl group. The C-term.nal can 
be protected by conversion of the carboxyl group to an amide group, in which for example, 
the amino nitrogen thereof is bound to two hydrogen atoms. The C-terminal and/or the N- 
terminal of any polypeptide of the invention can be protected, by conventional or other means. 

The invention includes a polypeptide of up to about 15 amino acids .n length 
30 comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally 

equivalent homologue thereof which promotes bone growth in mammals. The polypept,de 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-termina. protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino n.trogen 
35 thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:9 or a functionally 
equivalent homologue thereof which promotes bone growth in mamma.s. The po.ypept.de 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
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The K terminal protecting group can be an acetyl group. The C-terminal can be protected b, 

j :::z:zzz u» an «*. - — - — • *• 

Zeof is bound to two hydrogen atoms. The invention includes a P o,ypep.,de h-ng an 
amino acid sequence corresponding to SEQ ID NO:24. 
, The invention inctudes a polypeptide up to about 30 am.no acds ,n iength 

compnsing an amino acid sequence corresponding to SEQ ID NO:28 or a functional, 
"I homologue thereof which promotes bone grow* in mammais. The polypeptid 

h ve a protected terminal amino group, or a protected terminal carboxy, group, or «h_ 
The nLLi protecting group can be an acetyl group. The C-.erminal can be protected by 

comprising an amino add sequence corresponding to SEQ ID NO:28 or a 
Z a.em homo,ogue thereof which promotes bone growth in mammals. The polypep de 
« c hale a prot ected termina, amino group, or a protected terminal carboxyl group, or wfc 
The N erm« Protecting group can be an acety, group. The C-termlna, can be protected by 

^^ZiZ Te — in.udesapoiypeptideofuptoahout.ammo 
2 „ acids in iength comphsing an amino add sequence corresponding to SEQ c , NO * or a 

functionally equrvalen. homo,ogue thereof which promotes bone growth ,n mammals. The 
y eptide can have a proved termina, amino group, or a protected "^rbox, ^ 

group or both. The N-.ermina, pmtecting group can be an acetyl group. The C-.erm,na, can 

b^oteced by conversion o, the carboxy, group , an amide group, in which for exampie, 
n the amino nitrogen thereof is bound to two hydrogen atoms. 

25 am,no g^ ^ $ ^ ^ ^ ^ 1 g amin0 ac|ds „ length 

compnsing an amino acid sequence corresponding to SEQ ID NO:2 8 ora function^ ly 
equivalent homologue thereof which promotes hone growth in mammals. T e poiypep. de 
2 have a protected tormina, amino group, or a protected terminal carboxy, group, or otlv 
3„ Z nCL, protecting group c be an acetyl group. The Cennina, can be protected by 
conversion o, the carboxyl group to an am,de group, in which for example, the am,no n„rogen 
thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acds m length 
compnsing an amino acid sequence corresponding to SEQ ID NO:28 or a functionally 
35 qui In homo,ogue thereof which promotes bone growth in mammals. The poypep^e 
can have a protected termina, amino group, or a protected termina, oarboxyl group, or bo *. 
The Wermina, protecting group can be an acetyl group. The C-termina, can be protected by 
Aversion of the carboxy, group to an amide group, ,n which for example, the ammo n„rogen 
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thereof is bound to two hydrogen atoms. The invention includes a polypeptide having an 
amino acid sequence corresponding to SEQ ID NO:25. 

The invention includes a polypeptide up to about 30 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:29 or a functionally 
equivalent homologue thereof which promotes bone growth in mammals. The polypeptide 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-terminal protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 

thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 25 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:29 or a functionally 
equivalent homologue thereof which promotes bone growth in mammals. The polypeptide 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-terminal protecting group can be an acetyl group. The C-terminal can be protected by 
15 conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 
thereof is bound to two hydrogen atoms. 

Alternatively, the invention includes a polypeptide of up to about 20 amino 
acids in length comprising an amino acid sequence corresponding to SEQ ID NO:29 or a 
functionally equivalent homologue thereof which promotes bone growth in mammals. The 
20 polypeptide can have a protected terminal amino group, or a protected terminal carboxyl 

group, or both. The N-terminal protecting group can be an acetyl group. The C-terminal can 
be protected by conversion of the carboxyl group to an amide group, in which for example, 
the amino nitrogen thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide of up to about 1 5 amino acids in length 
25 comprising an amino acid sequence corresponding to SEQ ID NO:29 or a functionally 

equivalent homologue thereof which promotes bone growth in mammals. The polypeptide 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
The N-terminal protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 
30 thereof is bound to two hydrogen atoms. 

The invention includes a polypeptide about 10 amino acids in length 
comprising an amino acid sequence corresponding to SEQ ID NO:29 or a functionally 
equivalent homologue thereof which promotes bone growth in mammals. The polypeptide 
can have a protected terminal amino group, or a protected terminal carboxyl group, or both. 
35 The N-terminal protecting group can be an acetyl group. The C-terminal can be protected by 
conversion of the carboxyl group to an amide group, in which for example, the amino nitrogen 
thereof is bound to two hydrogen atoms. The invention includes a polypeptide having an 
amino acid sequence corresponding to SEQ ID NO:26. 
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The invention inches a polypeptide up to about 30 amino acids ir .length 

ea ,ivalen, homologue thereof which promotes one gr- _ " — ^ ^ ^ ^ 
can have a protected <em.inal amino group, or a pro edec term ^ 
The N-termina, protecting group can be an acety, group. Th C *™ 
conve.ion of the carboxyl group to an amide group. ,n which tor example, 
thereof is bound to two hydrogen atoms. jp lenoth 

Th e invent includes a * * ' ^ „ , funot|onally 

composing an amino «*. ^-""^^ 1 5 . The polypeptide 
D equivalent homoiogue thereof wh,ch promotes bone^ ^ ^ 

«, have a protected te^ina, amino ^ - ^ can te prot ected by 

The N-terminal protecting group can be an acetyl g P p 
conversion of the carboxy, group to an amide group. ,n which for exampie. 

thereof is bound to two hydrogen atoms. ^ <DepWe of up to about 20 amino 

Alternatively, the invention includes a polypeptide P 

functionally equivalent homologue thereo whiC , emlina , ^ 

polypeptide can have a protected temrina, am.no grou* o a^e ^ 

25 can have a protected termina, «"»^^^ Jhe c , emli „ a , be protected by 

30 composing an amino acid ---^Tb ^h in mammals. The polypeptide 
equivalent homologue thereof which prom te bon g of ^ 

can have a protected termina, amino group. o^ P e«ed ^ ^ ^ By 

amino acid sequence -^^^^ Be incorporated into ia.er 

^ P I Tere s repetition o, active sequences in a single moiecule. 
polypeptide sequences in which there is repem 
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Th e inventive polypeptide can be synthetic an, the amino add sequence - 
ha ve a molecular weigh, in the range o. from ^^^ im of amln0 acids 

suffidently duplicative of another, "J*"^"*^ ftom one t0 about four 4 amino 
5 corresponding to SEO ,D NO, (or *^°^™ Q , D NO:3 , (b) one ,o about 22 
acids deleted from the N-termmus of SEQ MONO- I ^ ^ ^ ^ (a) and 

ami „o adds deleted from the C-.errmnus |de is enood ed by a 

(b , or a tundionaily equivaien, ^^^^ «- ->nd poiypepfcte. 

„e up to 25. 20. 15 or about 10 amino acids in length. 

•Sequence identity or homology, as used hereto 

the same amino acid (tor example, ,t a position ,n , „ , nat 

ala „i„e residue, then me moiecules are ^^ZZZ^e^ iden«y between two 
position. The percent o, homology ^^^"J -red by the two 
20 sequences is a function of the number o, s n-*gP . f ^ of 

sequences divided by the number o, po* » ^ homo , ogous „ 

th e potions in two sequences are the same then ™™J sequences METUA and 

betwee „ W o sequences can - accomplished ^-^2^ Z- * 
elignmentcen be performed according to two methods, me CM 

method. available from DNASTAR Inc. , 1 228 

south Park Street, Madison. W,scons,n, USA 1994 * r ^ 

Higgins,D.G.etal.1989.CABIOS5.li>i. ^ ionis recommended for aligning 

aligning sequences 

35 sequences o, highly evolved farnil.es that have dear ^ev * defau „ set „„ BS 

(standard parameters, can be and chemical similarity, the default 

evolutionary substitution patterns, chanje, structural 
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h <ed For protein a,ianme«s. .he pa^iseaaonmen, parameters are 
PAM250 setting can be used. For protem B ^ used 

Ktuple =1 . Gap penatty =3. Window =5, an D«*n* * probe w 

The phrase -selective,, hybndrang to refers to a 

targ e, DM. or RNA ^^fJZJ^. refer to those nucleic acids tha, 
or RNA. "Complementary or large' conditions depend, for 

actively hybddize to a nucleic acid probe. P 9 ^ ^ 

example, upon a probe, length, base Really. For discussions of nucleic 

position on the probe, and must often be deterged emp V ^ ^ 

Id probe design and annealing ^^ZZm Harbor Laboratory. (19,9, or 
Cloning: A Laboratory Manual (2nd ed.), Vols. 1- , ^ and Wl , ey . 

current Protocols in Molecular Biology, F. Ausubel e. al.. (ed.) 

intersclence, New York (1987). n meaning , 0 a person 

•Stringent hybridization conditions takes on 

, skiiied in the ad here. Appropriate ^^Z^Z^ «« - — 
h y b rid,za.io,.or example. ^ ^'"^^re out n Cult Protocols In Molecular 
to tho se skilled in the art. The following ex mples are £, 

Bio ,ogy, Oohn W„ey » Sons. NY (1969,, m , 2 „ Tris . HC , pH 7.6. 0.5 m, 

solution, mixtogether 24 m, fon.amide, 12 ml 20x ^ ^ ^ ^ ^ , w 

!0 10 0x Denhardt's solution, 2.5 ml *««-^ 0 , % ^ stalline BSA (fraction V), 1 mM 

EDTA, 0.5 M Naj HP04 pH 7.2. 7 * T ^ ^ ^ ^ q( ^ „ ^ 

selected from a low stringency of about ^ me 

25 temperature in the wash step can be increased t ^ ^ reference 

.emperature. about 22-C to high Agency degree o, homology and 

0 ives more detai,, bu, appropriate wash to 75-C, may be used. I. 

ength of probe. „ homology is 100%, a high emp * e <e ^ ^ ^ 

^ology is low. lower wash -pera = ^ ^ homolog , ,„ genera,, one 
30 «100bp,, lower temperatures mus e use ven by ^ 

3,a rt swashinBatlow.empera.ures(37C0 4J a ador ,„ autoradi „ gr aphy. 
In ,e„als until background is low enough not to be a m ^ ^ ^ ^ 

,„ another aspect the invention ,s a syntheuc p JP P ^ ^ 

stimuiatory activH, in mammais and which [ 19% conserved ,n 
35 o, mamma,, having an amino acid se<,uen« , . ,ch * . lea ^ ^ _ ^ 

relation to the amino acid sequence .dentrSed as SEQ ID N 

acid deieted therefrom, or a function* ^ ' ^ stimulat0Iy 

Tne invention includes a synthe, c P yP * • ^ ^ a „ 

active in mammais and which increases mineral content bon 
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„ , ww conserved in relation to the amino acid 
am ,no a d d sequence which is a. leas, a*^ ^ - ^ ^ , here(rom . 

sequence identic as SEQ iO NO. and *™J> „ aving in vW .one stimuiaton, 

The invention includes a synthet po VP P ^ ^ an 

ac t«y in mammals and which increases mi nera, co ^ ^ ^ ^ ^ 

. amino acid sequence which is atleas, ^ _ amin0 add 

s^ence identic as SEQ ID NO: an ~ 0 , yp ept,de having in vivo hone stimulator 
The invention includes a synthet pow P ^ an 

^ in mammals and which ^^^Z^ » - — «* 
am i„o acid sequence which is a, leas, a*,u amln0 ^ deieted theretrom. 
10 sequence identic as SEQ ,D Na ^ha * synthetic polypeptides in wttich a, 

The invention includes any o^ eleven 

«,e sequence; or ,n whroh at least tw y ^ 
„ which a, leas, twenty-six amino ac,ds . sequence o, amino acids 

The invention includes a polypeptide a (he , ype pt,de 

is encoded by a DNA that hybhdrzes under stnngen, 

MO:3. SEO ID NO:4. SEQ ID NO*. SEQ ^ ^ ^ SEQ ID 

N0 :8, SEQ ID NO*. SEQ ID NM4; SEQ ID , he alrtn0 ac ids in the 
N0 , 8 ; SEQ ID NO* - SEQ » NO* — * « acUvny in 
25 sequence may be substituted, „ ,s preset; and 
mammals denved the three d,mens,onal structure 

sequence has that identified as SEQ ID N ^ ^ aMs 
.nerefrom. The invention incudes a po lype^e >ha h 

3 „ sutfiden,,, duplicative o, such a bone s— «"*W>^ < hybridfees under stnnoent 

c„ndi«ons with DNA encoding the bone s, m- ^ P , nc , udes an amino add 

,n another aspect, the ,nven„on ,s a poly MP ce 

sequence that isbe,ween 19 % and ™ "^Z^^L™ 
35 ,den,.ed as SEQ ID NO, ; or ^^^ed as SEQ ID NO, ; or an amino 
conserved In relation to the ^ ed in relation to the amino acid 

a0 id sequence ma, is be,ween 19", and 6 * c«-« ^ ^ , g% and 

sequence iden„f,ed as SEQ ID NO, ; « » ^ as SEQ ID NO, ; or an 

66% conserved in relation to the ammo acid sequence 
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am i„o acid sequence «, * — n 1« an, « conserved in ~« - ;™° £ 
nuance ide-ed as SEQ ,D NO:V. or an a m ino acd ™ mm 
39% unserved ,n region ,o an* - 

5 sequence identified as SEQ id nu.i.o . Hontifi ~ ri as S EQ ID NO:1 ; or an 

69% conned in — , ,e ^ -J^rrr. * ,e amino add 

wbere,, under P^*^' — ™^ 

aci d sequence ^ „ Muree , underetan d ,na t —ions c 

Z. eaon ,aKen as ttc* made separa t e, y and independence. , O o»e 
m thP case of this aspect of the invention, q can be iu, o 

„ f ,„e amino add sequences described above as part of the invention. 
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The invention includes an agent for use in prevention and treatment of a 
.one reduction related disease that Mud. an, polypeptide described above as par, 
invention including of course a chimeric polypeptide, as an active ingredient. 

The invention is thus also a pharmaceutical composition for promoting bone 
growth, having a therapeutically effete amount of any polypeptide described above as pari 
of the invention.^ ^ ^ ^ ^ ^ ^ ,„ . ma mal by 

administering a therapeutic* effete amount o, a polypeptide (or a pharmaceuuca, 

bone orowth or the treatment of osteoporosis, etc. 

The invention includes a diagnostic W. for determining the presence o, a 
polypeptide o, the invention, in which the Kit includes an antibody to a polypeptide or 

become bound toge^ ^ ^ ^ ^ ^ ^ , 

invention. Particuiariy. the invention includes an antibody which binds to such a oolypeofde 

when the antibody is synthesized using the polypept,de. scauence s 

The invention includes molecules, such as Isolated nucleoli 
related to polypeptides of the Invention. For example, the Invention indudes an ,so,a«d DMA 

the genetic code. Further, the invention includes a vertortha, has mcorporated ,n.o . any 
such DNA an iso , a(ed DNA sequence encoding any amino acid 

0 sequence ofthe invention, or an analogue thereof, wherein the amino acids in the sequence 
Zl — ed, deleted or added, so long as bone stimulate* activrty ,n mammals 
derived from the three dimensional conformation of the sequence ,s preserved ,n a 
po Ip Ihaving the amino acid sequence; sequences which hybridize to the DNA and 
nleTn amino a.d sequence of a polypeptide which displays bone -™ 
mammals; and DNA which differs from the sequence due to the degeneracy o, the genehc 



35 

code. 



The invention thus includes processes of producing any polypeptide of the 

^ h snHnriM- a^ DreDaring a DNA fragment containing a 
invention, including a process which mcludes. a) preparing 

nucleotide sequence that encodes such a polypeptide; b) incorporating the DNA fragment 
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recovering the polypeptide from resulting cultured mature. 

bdicc nP<irRIPTION OF THE DRAWINGS 

° ES " o,lo«,ng description, reference is made to accompanying drawings. 

V,herei "' Figure 1 graphically depicts the .one mineral appos«,on rate <pm per day, ir. 
rats provided with L chemicaiiy synthesized human N-acetyl ( N-,em,inus> p*p£. (SBO 
t NO:2, through implantation in parathyroidectomy rats. The error bars ind.cate 
/o n \ The value of D was less than 0.001 . 

„ „ M Group A rats were ovariectomized and injected daily with the 

-rrorbarsind^t— l^r^bonecaicumconcentrationofrats 

F,gure grapn y h ovariectomize d and injected daily w.th 

30 ^rmined.tetrUelah.ing. ^^7^^^* 

35 synthesized polypeptide (SEQ ID NO:1, and the same polypeptide containing a cys^ala 

rats iniected w„h the chemically synthesized human pdypeptide (SEO ID NO:1). Group A, the 
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o NO ' 9 (Sr ° UP G> Figure 10 is a DEXA imao, - a «m femur <* a ra, scanned areas-. 

Fi g ure 12 graphical,, depiclsthe bone ntinera, apposHion ~ P^ay, in 
standard dev,a,,on (SX,. ^ ^ ^ ^ * 

9* SEQ ID NO:26 (Group T); SEQ ID NU.zf w 

SEQ ,0 NO.44 (Group MM,; SBO .D NO* (OJP NN) - SEQ 0 ( ^ ^ 

30 The error bars indicate ± 1 standard dev,a«on (S.E.). P 0.001 , 

^^^^^^ 

The error Pa. indicate ,1 ^ Qf ^ „ e 
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sfq ID SEQ ID NO:35 (Group CC,(A)>; SEQ ID NO:36 (Group DD, 
N0 .34 (Group BB. m SEQ ID ^ SEQ , D NO:38 (Group FF, (hexagons)). The error 
(T)); SEQ ID NO:37 (Group EE, (♦)), ana btu 

bars indicate ±1 S.E. apposition rate (urn per day) in 

Figure 18 graphioaiiy dep.cts the bone m.neral ^ ^ ^ ^ 

rats injected with chemically synthesized polypept. 

The last bar of 

stimulate bone growth being below the m.d-l.ne. 

METHODOLOGY 

The applicable methodology as described ih the Genera, Methodology 

TOXICITY EXPERIMENTS INVOLVING N-TERMINAL ACETYL CHEMICALLY 

.0 SYNTHESIZED POLYPEPTIDE (SEQ ID NO: 2) 

■ ,-, oumo (Alzet) was loaded ««h about 1 .5 ml ofthe chemically 
A mimosmouc pump (Alzet) wa add sQ 

synthesized peptide having an N-temtlnal * E ° |mp|anted unde r 

,„e subcutaneous fasca o, the *»- «*~ t J^ simMy parathyroideotomized rats 
2 5 had been parathyroidectomy seven ays F ^ ^ as 

received similar implants containing only 0.1 ^ acet,c add. 

COn,ro ' S - Twentyeigh, days later 0, m, ot an aoueous solution 
hydrochioddewasinjectedin— 
30 implanted rats, as described previously. Anotner 40 . ^ 

another 24 hours 

tetracycline hydrochloride solution was injected. The 

T „e bone mineral appos.on rate was determined by — 
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TABLE ONE: Comparison of the Group 
Among Groups 


Arithmetic Means 




Test Group 


Control vjroup 




1 .27 um/d 


0.67 um/d 


J Mean 
S.D. 


0.18 um/d 


0.08 um/d 

■ 


N 


5 


5 




t 


d.f 


I Test Group vs 
I Control Group 


7.14 


8 



15 
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Histoid evaluation of selected tissues of the IM rats of each of the 

was found. 
PERIOD 

Ovariectomies were performed or, six femaie Sprague-Dawiey rats, each 

sedated with 1 m 9 of sodium barbiturate ..P. Sham operations were carried ou, a second 
sedated wtn g ^ ^ ^ operat , MS 

sroup ° ,s,x « ra, s ^ w^.*-^-^. 

0 ,« acetic add solution containing 100 ug of the chemical,, synthesized pep . e (SEQ 
0.1 A, acetic acra , e , raC ycline hydrochloride solution was 

were sacrificed on the 2 a,h da, ^ ^ ^ ^ ^ ^ ^ ^ . 
acetic acid solution containing no peptide overthe same 28 day period. A .third group of s« 

Teach o, which had undergone the sham ^-^g^Z* - 
ace-acid soiution containing n^pept.eover^ 

intact rats was similarly treated with a 0.1 h acetic aca 

same 28 day period. 
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an „yzed. A full autopsy was performed on each rat. No ,11 effects 

treated with the polypeptide. „.„„-„, oll , from its soft tissue, fixed for two 

Each of me right femurs was dissect om ^ ^ 

5 days, and X-rays taken at 70 KV for 1 m,n.. 2 ^ ^ second group „ rats , 

«. most satisfactory results. The bone densiti of , e rem ^ ^ 

The nght femur of eacn rai w Egch bQne 

«d consisted o, 10* formic add W and ^ ^ 4 ^ agai „ afler 

10 W as plaoed in 6 miofthe decalclfioa.cn fluid. ^^J^,^ A « er ano,her2 

agi ,a,ed for 2 days. The water J combined and the final volume of each 

another day. all of the fluid samples for each 

15 adjusted to 50 m, with "~ femur was determined by determining the volume of 

The volume of each right femu ^ ^oertration of each 

water displaced when the bone was imme-ed «*_ Qf ^ bone 

sam ple was determined according to standant me hods a-, ^ ^ 

with the peptide (SEQ iu inu. \) <w 
untreated ova rie eternized rats is depressed. 
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TABLE TWO: Right Femoral Calcium 



Concentration of OvariectomizedRate 




Three 



and graphically depicted in Figure 3. 



T^vm F THREE: Bone 



MineralApj>™^ 



Mean (pm/day) 




10 



15 
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™ M i*pn RATS AND THE NORMAL CHEMICALLY 

subcutaneous!, with 100 ul of a 0.1 * acetic ^ an ^ group 

synthesized peptide In which the N-,en™na, am, o .* g 
( Lo ,o NO,). This was done eve* 24 — ^ majdmus o, each ra, 
lydrocnioride solution was in]ected ""T"^^. on day 56, a second 
so as ,0 9 ive 24 mg per Kg of body we,,ht, d«cr bed P ^ ^ ^ ^ 

d0 se 0, tetracydine hydrochloride was ^ was sim „ a „, , re a,ed with a 
A second group of seven ovanedom * h* ^ five 

0 , % acetic add solution containing no peptide »*£™J^ , reated wfth . 0,% 
rate , each o, which had undergone * ^ *°* - - — 

acetic acid solution containing """^^^ no pep.de over the 

analyzed. An autopsy was performed on - ^ ^ ovartectomize d rats. 

the rats except for surgical scars density defined as before. 

The right femurs were decaicmea d..u 
The results are presented in Table Four and Figure 4. 



20 



FOUR^RightFemora^^ 




ncentrationo^ 



AvsB 
AvsC 



Group C 




Group D 



3.85 _ 
1.17 



3.01 




> 0.2 



<0.01 
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SYNTHESIS OF ANTIBODIES TO CHEMICALLY SYNTHESIZED PROTEIN (SEQ ID NO: 1) 

/ccn in NOD was coupled to KLH 
The chemically synthesized protein (SEQ ID nu. 

Na c, S, mM N.HPO. were diluted 5 ™<^' ^'° 0 ml ^ t0 obtai „ a r,„a, 
peptide concentred o, 2 mg/ml. 10 m,- ™ « «* 1 ^ ^ ^ ^ ^ 

concentration of 2 mg/ml. To 1 .25 ml of the KLH solu. on ^ ^ 

10 solution.Glutaraldehydewasaddedto^na^ 
was stirred for 1 hour at room temperature. After st,mng, 
litre of PBS. The PBS was changed three times. 

for 4 hours and then dialysed against 1 hire of PBS. 
M .„OBEN^^^ 

20 8.5 with NaOH, to obtain a fina, concentre , 10 m^ ^ ^ ^ ^ 

lnH 20 to a concentration of 10 mg/ml. 500 ul o thanhy ^ 

peptide solution 100 „ a, a time with adiustmen, of. "*»^ w as followed by the 

Ion was then stirred constantly a. room tempera* e fo hour ^ ^ 

of s-mercaptoethanol were added for a m P ^ ^ pBS a , 

solution was stirred constantly a, room '-peratu e for 1 hourja ^ 
3 „ , mg/ml and 2.5 ml were added to the peptide ^ ^ TZs. with three changes o, 
ro0 m temperature for 3 hours and then d,a,ys« a, ■ «r H«* ^ 
me PBS. The rmal peptide concentration was about 1 mg/ml 



was about 1.5 mg/ml. 



ANTIBODY GENERATION 
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ra bb,t, 500 „ per ieg. The total amount ot in,e«ed «~ ~ « adjuvant . 
synthetic peptide coupied ,o KLH with MBS were m«ed w, h ' , eg 
Tnis solution »as injected intramuscularly into .he rear legs o. another rabb, . 
The total amount of injected peptide was 0.5 mg. ^ ^ 

The synthetic peptide was ioaded onto two lanes^ W ^ 

running. 5% stacWng). The ge, was ^ |n 1% milk/PB s 

de and serum ant^eswas^her 
16 ^edthro.hir^oh—e^B^re™ 

covalentiy immobilized on a dextran mathx by ^ antibody bound to 

« immobilized peptide ^ Resonance Unrt , using this approaoh, 

20 giving a positive response, that ,s, Overman ion M „ be 

antibodies were found to be present in sen^m fro. *bb a rabbte ^ 

blocked by preincubating the serum with the peptide. Ar*bod,es 
found not to interact with an immobilized unrated pept.de. 

EXPERIMENTS INVOLVING RATS AND ANTIBODIES TO THE CHEMICALLY 
25 SYNTHESIZED PEPTIDE 

A n„body serum was prepared in 10 mM Tns.C, a, pH 7.4. Eaoh ot .e rets 
received tOO pi o, the solution by in,e*,on into the ,e« gluteus = ™us E^a « 

containing 45 \iQ of the polypeptide (SEQ ID NO.i) 
hydrochloride was injected about 48 hours later. 



24 hours. 
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The bone miners, apposition rate was determined by measurements, 
described above, of the lower right femora, metaphysis. The resuits are 9 ,ven ,n Tabie 



and Fiaure 5. _ — . 1 


C^^rZ^^^p^°^TJ n Rats ,niected with ' 

: _ Ilw QlflflthM i, ed PeDtide r 


f\ntibody to the 




Group A 


Group B 


Group C 




0.86 


1.22 


1.30 


Mean (nm/dav) 


0.02 


0.08 


0.11 I 


S.P. 


5 


5 


5 J 


W 

l 


t 


d.f 


D 




8.06 


8 


>0.2 I 


Group A vs Group B 


7.57 


8 


< 0.001 


Group A Group C 
Group B vs Group C 


1.24 


8 


> 0.2 ' 
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Methodology and products can be thus be developed using antibody to the 
an.Lv can be linked to or coniugated with any of severe, well known reporter systems set 

ooowc /ria^ or immunorad ometnc assays (IRMAS). 
svstems include radioimmuno-assays (RIAs) or immune 

1 „a«vel, an enzyme-linked immunosorbent assay (ELISA) wouid have ,n common w,,h 
«"Ls a natively high degree of sensltivHy, butwould generally no, rely upon the 
1 o radioisotopes. A visual,, detec,ab,e substance may be priced or a, ea. one 
detectable in a spectrophotometer. An assay relying upon a 

25 blood serum o, a subject contains a deficient amount ofthe polypept.de. G,ven normal 



15 



20 



26 



10 



^concentration o.suCapoWP^^oo.^o.a^.peo.^C.es, 
kits could thus be developed. 

(SEQ ,0 MO,, »V — ° ,th 7"lr« silrto a 

prepared P, standard chemica, procedure, An aianm e ~ ^ 

peptides is shown in Figure 6. ^ weighing between 

Experiments were earned out on three gro p 
295 and 320 g. A 1 mg per mi soiution o, the ™-«p£ ^ « ^ _ 
inO.^aceticacid.AIn^ 

prepared in 0.1% acetic acid. Each rat second 
s „,o its right thigh 0, m , of the mod.ed peptide ^J^" of , ne group . th e 

control group, was injected w,th 0.1 ml of 0.1 A aceuc ^ ^ ^ ^ 

these injections, each rat was injected mtramuscu 

of tetracycline 

!0 nydrcchicride was adm,n,stered 48 houn, * ^ ^.emurwas dissected ou, 

::r,onswereprep r= 

The results are tabu.ated n ^ js 

shown for the rats injected with the normal pept.de. 



• 
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Group A 




Group A vs Control 
(Group C) 



Group B vs 
r.nntrol (Group C) 



12.2 




4.69 



3.97 



10 


<0.001 I 




__<0J)05 ===== J 
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l Grou£A^sGroup = B__ 

EXPERIMENTS INVOLVING ACTIVE FRAGMENTS OF THE 36-AMINO ACID HUMAN 
POLYPEPTIDE ^ ^ o ^ wences |den(ffled |D NOs:4 . 

apposition rate, as described acclimat i zatl on. Each animal was 

subJ e« t „ -^ 0 "^^J^. so,*ns bavin, bean prepared a, 

tetracycline hydrochlonde. A secona mje 
Control Group: 0.1% acetic acid solution 

^"X-**™-•^»* , ■ l^ ■ p,D *- 1, ' l " ,,, * l,, 

Ala Ala Glu Thr Le U Me. Val Leu Asp Gin Asn Gin Pro 
Ala Ala Glu Thr Leu Met Val 
Ala Ala 
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Group B: SEQ ID NO:7: 

Gly lie Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie 

,n a similar but separate set of experiments, bone mineral apposition rates 
were tested using the following chemically synthesized po.ypeptides: 

Group F: SEQ ID NO:8: 

Gly lie Gly Lys Arg Thr Asn Glu His Thr Ala Asp Cys Lys 

Group G: SEQ ID NO:9: 
1 o Arg Thr Asn Glu His Thr Ala Asp Cys Lys 

Bone mineral apposition rates were determined by * £ 

15 on bone apposition rate, i.e. displayed bone stimulatory activty. 
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BONE CALCIUM CONTENT EXPERIMENTS INVOLVING SEQ .0 NO:7 

A further set of experiments was conducted using the polypeptide identified 
A further o P ^ cQntent wnen 

5 as SEQ ID NO:7 to determine the effect of tne po.yp y> 

administered to rats. riP <; r ribed above. A 0.1% acetic 

Ovariectomies were performed on rats as described aoov 
Ovanectom adrninis tered subcutaneously to 

acid solution containing 25 nmoles of the polyp P ^ 1 2 

each rat each day for the duration of of rats was treated for 

10 weeKs beginning 100 days after ^ sac , lficed at the end of 

eight weeKs beginning eight 

the treatment period and dissected and post mortem assessment 

was carried out. , were clean ed with a power nylon brush to remove 

dissected out intact and cleared of the femur 

Results are tabulated in Tables Nine to Eighteen. 



15 



• 



31 



KKized Q Ra,s-Bone Mineral Content Measured ,n Proxrma, 

End of Femur ( ~ ~ ~. 

B-Ovanectomizea 

{with pol ypeptide) 




" of GrouD Arithmetic Means Among Groups Injected with 

TABL6TEN: S3«s»* — 

End of Femur 



A-Ovariectomized 
(no polypeptide) 



B-Ovariectomized 
(with polypeptide) 




Grou 



5 
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TAB LE EUEVBN: Corson or Grcup A— 



.D. 



ControlvsA_ 



Control vsB 



nmiip AvsGroupB 



Control 



0.5437 



5.8384 



2.7434 



2.0756 



A-Ovariectomized 
(no polypeptide) 


B-Ovariectomized 1 
(with DOlvpeptide) 1 


0 4364 


0.4758 


0.0089 


0.0188 




_— 


ri.f 


P 


26 


<0.001 


22 


<0.0025 


22___ — 






5 



-33 



TABLE THIRTEEN: ^^p^y^ptj^sisQ id N^^'iWmfn^te^^^w^lOO^^y®^ 6 ^ 
ov* feet o^S Rats-Bone Mineral Content Measured ,n 
Femoral Diaphysis 



Control 



A-Ovariectomized 
(no polypeptide ) 




B-Ovariectomized 
(with polypeptide) __ 



" SSSSsSHSSSs. 

in Femoral Diaphysis 



B-Ovariectomized 
(with polypeptide) 




5 
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of Group Arithmetic Means ^Among Groups 



taoi c SIXTEEN: Comparison of eroup X no-7 Administered over 56 
in ni^tai End of Femur 



Control 



ControlvsSham. 



Sham 



A-Ovariectomized 
(no polypeptide) 



B-Ovariectomized 
(with polypeptide) 




Control vs A 



Control vs B 



Sham vs A 
Sham vs B 



Group A vs B 



3.7046 



3.8149 



1.0274 



5 
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TABLE 



SEVENTEEN: Comparison o, ^up An^e.^ 
in Femoral Neck 




%£2S3£«15£2£m** Content Measured 

FemoralNeck_ 



B-Ovariectomized 
(with polypeptide) 
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peptide can be site specific possibiy be.ng greater at skeletal 

EXPERIMENTS INVOLVING OTHER FRAGMENTS OF THE 36-AM1NO ACID HUMAN 
5 POLYPEPTIDE 

Polypeptide .ragmen* c, the norma, polypeptide <SEQ ID NO.) were a,so 
^ and teled'or -e stimulatory «** as witn *. Census 

Control Group: 0.1% acetic acid 

Group H: SEQ ID NO:1: Thr Leu His Lys L ys 

1 o Gly He G.y Lys Arg Thr Asn G.u His Thr Ala Asp Cys Lys Lys 
Ala Ala Glu Thr Leu Met Va. Leu Asp Gin Asn Gin Pro 

Group I: SEQ ID NO:16: 

Arg Thr Asn Glu His Thr Ala Asp Cys Lys lie 

Group J: SEQ ID NO:1 5: Lys Ala Ala Glu Thr 

15 A^ThrAsnGluHisThrAtaAspCysLyslteLysProAsnmLeuH.sLy 

Leu Met Val Leu Asp Gin Asn 



Asp 



?n Group U SEQ ID NOs: 10,11,12 & 13 (mixture): 

LeuHisLysLysAlaAlaGluThrLeuMetValLeuAspGinAsn 
Leu His Lys Lys Ala Ala G.u Thr Leu Met Val Leu Asp Gin 
Leu His Lys Lys Ala Ala G.u Thr Leu Met Va. Leu Asp 



25 



variants identified as SEQ ID NO: 10, 11, 12, 13, 14, 
apposition rate with respect to the control. 
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BMftan ( nm/day) 



i 



1.5 



Grou2_L__Gl2U£i 



1.02 



6 



0.92 



0.09 



nmnpi Control 
0.98 I 102 



0.09 



0.06 



p rot ectea a, .0, ends was " . s ^ _ 

,o polypeptides identified as SEQ ID NOs.i ^ . g 

acet y,a,ed atttte amino ton^inus and ^*^Z^ 
Herein as SBO ID NO:24. Results obtame acco*9 -*« anjma| ^ presented 

above, using about 1 25 nmoles of polypeot.de per Kg body 
in Table Twenty and Figure 13. 




gpr, |n nio:1 vs Control 



g F0 in Mn-7 vs Control 



SEQ ID NO-9 vs Control 

I sEQ ID Mn ?4 vs Control 
RFn ID NQ.1 vs 7 
qfo in NO.1 vs 9 
rfo ID NO: vs 24 



gFO in NO:7 vs 9 



fiFQ m NO.7 vs24 
SEQIDNO^vsJl 



-4.42 



<0.006 



<0.00 



>0.3 



10 



0.548 



-4.42 



-6.38 



10 



<0.002 



>0.5 



<0.002 
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resid ues in poiypeptides can e«e« *^£?££Z Res. 4S. 1«. 
^peptides in the absence ot careen ^ as SEQ ID N0 : 9 were 
547,553]. The following analogues of the poiypepi 

synthesized: 
SEQ ID N0.25 

CH,CO - Arg Thr Asn G,u His Thr Aia <M CV= Lys - NH, 
SEQIDNO-.26 

CHs CO - Arg Thr SlQ Oh, His Thr Ala Sly Cys Lys - NH2 
SEQ ID NO:27 

CH3 CO - Arg Thr Sfl * * ™ Ala *» f ^" se l ences ide n,if,ed as SEQ ID NO, 7 
Each of the polypeptides hav.ng the seances ^ 

37»C. The peptide compositions were analyzed weekly by ^ P ^ 
P(A CE 6000 system (Bookman, ustng 50 mM ^^^^ (20(ll) was diluted 
on a 57 cm long x 75 um Internal ^'^^^ n L th e P/ACE using 

-"T^" B ' W,,, 

breaking down to smaller fragments, I*. »" 6 "*™* P mM sodjum phospha te pH 3.0, 
Each of the polypeptides was d.ssolved 20 
• o^tatP dH 4 0 20 mM ammonium acetate pH 5.0, 20 mw. 
>5 20 mM ammonium acetate pH 4.u, * achate pH 7.5, 20 mM sodium 

■ 20 mM sodium Phosphate pH 7.0, 20 mM sod.um acetate pH 9 . 5 to 

phosphate OH 8.0. 20 mM ammonium acetate pH ^ assayed 
— "^rEl^r-srsampleswereseparated^P- 
weekly by separate cn P/ACE as descr analysl , 
30 HPLC and the isolated p.aKs sub,eCed ° " SP idenMed as SEQ ID NO: 24 

Analytic results ind,cated that the polypep ^ 

w as most stabie a, a pH near «« I-— ^^L,, the amino acid 
sequence identified as SEQ ID NO. / naa dissolved (n 2Q 

mM or 250 mM ammonium acetate pn was , nen 

experiments the butter was supplemented with "J^^eL* assayed weekly 

. . j _x 7n o r 20 <. c 4°c or room temperature (22 C). &am P 
incubated at -70 C, gbove and/or by rp-HPLC. 

by electrophoresis on the P/ACE as aescnoe 
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chmm ^ m . v» pep* ™~ w ;^i:;; d pt ,L ^ - or - 

5 incubation in 250 mM ammonium aetata Disso P ^ days Qf 

70 . C was unchanged as compared * , w0 peaks obS e„ed a, da, 7, 

incubation at room temperature, the HPLC profile indu ^ 
plu s an additional peaK with a retention threat tta^ > ^ lime , it 
pep,,, incubated a, room temperature = ^ ^ ^ 2Q mM EDTA. 

.entified as SEQ ,0 MOs: * . an, - was tesM as ^senb^ ^ ^ ^ ^ 

tested when incubated at 37 C for days ^ 2 5 s „ fcr 2Q 

electrogram. The po, y pep,,e a.ng ^ ^ ^ ^ „ pH 2 , . , 0 wtie „ 
days. The polypeptide having SEQ ID NO.« v. 

incubated at 37X. ^ aoid sequences ideritlfl e d as SEQ ID 

20 9 ho „ dissolved in dilute acids. These peptides were 

NO s: 7 and 24 degraded over „me when *-*«^ SEQ ID NOs: 25 and 26 

,„und to be most stable when <~ ^» An fe ^ ^ ^ _ ^ 
were found to be more stable than SEQ ID NOs. 

be significantly less stable. SMue nces identified as SEQ ID NOs:25, 

„ Polypeptides having the ammo acd sequences identlfied 

26 26 and 27 were tested tor bone stimuiatory a^y In companso 

as SEQ ,0 NOs- 2, Results — « navin, the amino 

acid sequences identified as SEQ ID Nos.26, « res descnbed 

30 activity In a series o, e>penmen,s. ^^^J m nm «g bodyweigh, 
above using approbate,, 500 ^r^ZZo and Figure ,5. 
of test animal. Results are presented in Table Twenty 
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TABLE 



Apposition Rates Among Rats 



Mean 



N 



SEQ ID NO:24 



2.04 



0.14 



SEQ ID NO:25 



1.94 
0.23 



SEQ ID NO:26 



2.88 



0.47 



SEQ ID NO:27 



1.72 



0.33 



Control 



1.36 



0.14 



TABLE 



Bone Apposition Rates Among Rats 



SEQIDNOj26 



I Mean 
xm/da^ 

S.D. 



N 



RFQ ID N0.44 



2.04 



0.09 



1.66 



0.21 



RF Q ID N0.45 
1.77 



0.13 



aim ■*« 

RFO ID NO:46 


Control 


2.31 


1.34 


0.21 


0.07 
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acids, is share, by me 10-amino seo,ences identified as SEQ ID NOs.9. 24. 

e.®.®-e-©-®-®- e - Cys -® 

„ h ,„ -x- the side chain would not bear a full ionic 
,„ the case o, each side chain ir*a*d W an X * - ^ ^ ^ ^ ^ ^ ^ 
charg e under physiological condihons. I. • W*. P which „ ^ 

Cain ofthreonine (second and sixth amino acds J ^ ^ 

A spara 9 ine. the third amino acid is also p*. — • ^ „ (he 

-^r^r^— ------ 

fences identic as SBO ^^L^ appos.cn rate in rats tested, 
according to routine procedures and effects on as SEQ , D 

Ea ch o. these pcypeptides ^ ^ g . cha,e has been — d 

NO:24, but one of the am.no arts havtng s ^ ^ for 

20 by the amino acid aianine. In each o, these fe«..ou ra* a ^ ^ ^ 
each compound. 100 nmoles of matenal (m 400 ul 
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s using a con.ro, in which no compound ~ *~* m ££?' „ rases the N ,erminus o, 
Sh0Vm ""Mother so, o f experiments, the dosage dependence o, 

animal. Tho results obtained are shown in F^ure 16. ^ ^ 

te can he seen from F res 1 ^ and ^7 ^ ^ ^ 

,5 fourth, (Hth. eighth or tenth am.no acds of SEC ID N°*> ofthB second , third, 

sixth or seventh amino acids of SEQ ID no.« idiy y 

"**" ,n a nna, se, o, experiments, a P o,ypep.ide having the ninth amino a* 

tetracycline was adm.n.stered 48 hours later 

As can he seen from Figure 18, a modes, increase in hone s«mu,a,or» 
from ,he po, yP ep,ide having the amino acid seo^ ^ 

functionally or structural* equiva.ent to that polypept.de. Thus, a molec 
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A molecule denved from such a b.na.ng 

d e„ved. sue, molecular entities may '"^ j-^^ ^ suBsMutes ,or peptides in 
.pe P ,ides mimetlcs" are structures wh e se« ^ 

tactions wit, acceptor molecules (see Morgan e £ ^ ^ , nclude 

24:2 43,5 2 for a review o, peptide — > a „ d/or peptide .ends. t>u, 

synthetic structures which may or may no ° which they are derived. The term. 

r e, ai n structure, and functional ^^^^ Ire peptides or corners 
■peptide mimetics" aiso includes peptoid , ^ ^ ^ ^ ^ 89 . 9367 . 9371 , 

of N-substituted amino acids (S,mon et a,. ( , _ of 

-tr^"r-^= 

amino acids corresponding thereto. . wbstanUa ily homologous" when at least 

Two polypeptide sequences are substantially ^ 
3 * .♦R^o /n t 0 90% and most preferably at leasiduu 

about 85% (preferably a, leas, » £^ , ength of the peptide. As used 

the nucieotides or amino acds match ov r a e J ^ ^ 5pecified 

herein, substantially homologous also refers to sequences 

polypeptide sequence. stmcu ,rally and functionally mimic the polypeptides 

Peptide «^'T"r^ also „ nd U se herein and may be 
having bone stimulatory activHy desenbed are deslg „ed 

generated using the following strategies and a ,, ds by ^mino acids, 

Led on information obtained by ^ * ^ 

repiacemen. of side chain moiet.es by • ± 268;249 . 262) , and by systematic 

25 electronic l^^™^ a ov e described peptide inhibHors with amide bond 
replacement of peptide bonds in the above surro gates may be used to 

re ,acemen,s. For example, analogues ^'^TZTZoLu^ ^ 
investigate aspects o, peP«de structure and ^^ts modifications o, local and tota, 
backbone, intra and intermolecular hydrogen-bond patterns, m 

Local confo™ hav|ng bone 

confon.ational requirements ^ may be used t0 examine the 

stimulator activity. For example, fcM*«*»*» et al . (1982 ) 

ettects o, confonnatlonal constraints „ , <- ^ ^ ^ 106 . 506 . 512; 

35 X Med. Chem. 25:408^4; Mosberg e. al 1983) ™ 

peiton e, al. (1985) Proc. Na„. Acad. 5Uch as „, *H jN H,, 

The mimetics can ,nc, de ^ ^ Spa(ola (1983) in 

-Chemistry and Biochemistry of Amino Acos, r p 
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„ Marcel De.e, New Yo*. ^ST, Tbe = 

from enzymatic degradation (see. e.g. Fre,d,nger e, a (198 ,n Pep 

Pun*,- (Deber e, a,, eds.>. Pierce Chem ^ ^^^J^n**. ™r. 

^ o • MCA 77 ^754-5758- Torchiana et al (1978) Arcn. mi. r 
Proc. Natl. Acad. Sc.. USA 77.5754 s^s, constr ain amino acid residues to 

235 170-176). Cyclic amino acid analogues may be used to constra.n am 
zjs.i ; RR-substituted cyclic amino acids sucn as 

kwM n seconder contentions - pro.eins-incio.ng P 

:=n^^ 

D Pe^™« < rajsed agains( a polypeplide havl „o.ne am,no acd 

here ' n ^ lS> .D NO-.9 v»o U id be particularly nsetu, ,n m context, 
seguence use herel , PeDl0 ,ds are centers o, N-substituted am, 

«■ „e,am9 2) s^a) and can * used as motits tor the generation o, chem.cally 

b e performed b, tor exam,e, in *aC i va,ion by e« erben^n- ^ 

comparable to the corresponding, polypeptides and. thus, are potent.ally 

stimulatory agents. .. nhnrflP nattern" of a particular 

A compound or polypeptide having the charge pattern P 

chains of the ammo acids of the sequence v> DhvS iological conditions. 
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ba cKbone of the particular poiypept.de. d so <*e O P ^ 

A summary of tne resuua u« 
5 sequences tested is provided in Figure ^ ^ ^ ^ NQ:24 (and me 

M can be seen, .h # a of 10 amln „ acrfs 

^spending unprotected P-*"^ 8 *^ ' |denWed as SEQ ID NO* . 
rained ,n the 36 amino acid sequent c he P*P P e ^ ^ as 

Tnu s, in *o bone stimulate* act,v*y can be r* ^ ^ me proteded 

10 28% of the amino acid sequence of SEQ ID ^ ^ a ^ s „ mu , atory 

Lion o, the to-amino acid ^^m^ -amino aoid unprotected version, 
effect which exceeds that of ermer SEQ ID N 

SEQ ID NO*. ^ identi f,ed as SEQ ID NO.26 (and the 

Further, As can be ««^^ has . sequenc e o, 10 amino a*. 
16 corresponding unprotected Po^^^ 36 ammo acid sequence of the 

e „eot than that of SEQ ID NO-.24. ^ (a „ d the correspond™ 

Likewise, the polypepfde identrfied ^ ^ n|ne Q( 

unprotected polypeptide, SEQ ID ^jnoigciJ sequence of the polypeptide 

**, are identical to those vm bone stimulatory activity can be 

25 iCentifted as SEQ ID NO:1. ™ ~ * ^ of me ami „o acid sequence o, SEQ ID 

re ,ained in a polypeptide ,n seque „ c e (SEQ ID NO-25, has been 

unprotected polypeptide, SEQ ID NQ.30) has a , ^ ^ 

— -"r:=r=.-^ 
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in formulating preparatlonsforstorageandadm^^^^^^^^^^ 

useful in selecting a fragment that is longer lived once administered to an ,nd,v,duar 

us Z » „ Known to those sKiiled in the an that polypeptides wh,ch 

n mammals having an amino acid sequence which is at least aDOUi i » / 

between aligned sequences. An amino acid sequence having seven out of the 36 ammo 
re Tue , SEQ ID NO:1 in aligned sequence would be ,9% conserved. An am,no acd 
: ence having eight ou, of the 36 amino acid residues o, SEQ ID NO, in a gned 

25 ^^^^^^^^ 

wmn tn <? F n id N01 with (a) one amino acid to 4 amino 
an amino acid sequence corresponding to SEQ ID nu.i w.m w , 

CdsTe e ed from the N-.erminus o, SEQ ID NO:1, 04 one to 22 amino adds de eted from 
htc. et nus of SEQ ID NO:, , or both (a, and (b); or a functionally equlvaien, 
lay be found possible to delete 5 or 6 or more amino acids from the N-,erm,nus or to delete 
in more than 22 amino acids from the C-terminus of SEQ ID NO.1 . 

,„ another sense, the polypeptide o, the present invention can be descnbed 

n. -m-ocr a*«y in mammals derived from the three dimensions structure o the 
eq Lis preseL. and con,uga,es of each of the polypeptides or analogues thereof 
whel . - Polypeptide sequence has that identified as SEQ IDNO:1, then there ,s a, ieas, 
one amino acid deleted therefrom. 
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understood however .hat the sequence might be "J 
yarte,yofsub S ,^^ 

strurture responsible forme bone M« effect o ^£*J> am , n0 acids , 

, h us expected, .or example, that interchange annon non-po ph ^ 
glycine, aianine, proiine, valine and isoleuane. wou ^ 
D among the polar aliphatic neutral ammo acds, ■ „, the 

asparagine and glutamlne oould posslbiy be mad. W ^ SQ , he |one 
peptides together by the disulfide bndge appears to b o son, imp ^ 
cysteine residue should probably be held intact and $ ^ above . 

disumde linKage no, be substituted elsewhere in he equence. among , he 

l5 successful cys^aia substitution was effected (SEQ ID NO^ 

Ca^ed acidic amino adds. aspartic acid and giutam, e be ma * ^ 

and subsmutlons among the chafed basic am,no acids, yan , « a* s 
be possible, substitutions can be made alone or ,n ^"^Z^ No, 

20 5.407,983 and 5.5,2.548. .or Instance -nightwell 
substitutions involving amino acids not encoded by the gene, o 

M POSS "" e ' The importance o. the N-,emiinus portion o, the-sequence is evident from the 

(SEQ ID NO; ,4, °*Zo* amino acids trom e,her end o, the 
"*\ JZZZ a SEoTno, white retaining the three-dimensional conf,gura„on o, 
polypeptide identified as SEQ lu in simulatory activity. Internal 

30 thesubsequenceofthepolypeptideresponsibleforbo estimu^ ^ 

deletions, although they might be possible to som ' ocq ID NO:16 , which 
particular note, is the polypeptide having the sequence as SEQ , D 

dWers by only one amino acid residue trom "™ st „ 
NO; 9. The former does no, display aCMy ^ dist|nguish betwe en 

^cium bone content ^ ^ ^ ^ ^ add5 , 0 de a , the 

en dso,,heseq::::andsy m me,nca,ornear,»symme, ri ca,addi,,ons,o,hecarboxya. 
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some limited extent, should be few. ^ seque nce, terminal additions, 

group, as examples. active subS equence containing 

in ,ne dinredo form, a, leas, under ^ ^ , > posslb ,e ,o maRe a ,lm«ed 

Exp— ~£^t««~v-* subs,«ons and s,ll, re,a,n 
number of what would generally t» cons dered ^ 
^ s,| m ula,o. ao.lv,, * P-^ - ^ ( ; a( ^ prese „ ation „*. olraroe 

culd mus be llnKed wim a seo,enoe exp essi0 „ system for numan 

oxidase .0 produoe a fusion profem orexarn p . ^ ^ ^ 

5,288,630, issued February 22, 1994, an ^ ^ whe , ner 

A polypepflde of, ; recomblnanlt ec,ni q ues. Here, a 

polypeptide would be as follows: 

SEQ ID NO:1 7 (corresponding to SEQ ID NO: ). ma ATT AAA CCG 

SEQ ID NO:18 (corresponding to SEQ ID N°*> : AAA ATT AAA CCG 

GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA 
AAC ACC TTG CAT AAA AAA GCT GCA 

AAC ACC TTG 
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SEQ ID NO:20 (corresponding to SEQ ID NO:7): 

GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA ATT 
SEQ ID N0:21 (corresponding to SEQ ID NO:8): 

GGG ATC GGA AAA CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA 

5 SEQ ID NO:22 (corresponding to SEQ ID NO:9): 
CGA ACA AAT GAA CAT ACG GCA GAT TGT AAA 

Hypothetical coding sequences for polypeptides based on SEQ ID NO:1 but 
having amino acid residues substituted therefor, are: 

SEQ ID NO:31 (corresponding to SEQ ID NO:28): 
1 0 CGA ACA AAT GAA CAT ACG GCA GAA TGT AAA 

SEQ ID NO:32 (corresponding to SEQ ID NO:29): 
CGA ACA CAA GAA CAT ACG GCA GAA TGT AAA 

SEQ ID NO:33 (corresponding to SEQ ID NO.30): 
CGA ACA CAA GAA CAT ACG GCA GAT TGT AAA 

Accordingly, a vector incorporating such a DNA sequence could be 
constructed for use in synthesizing a polypeptide, as described previously, and particularly ,n 
international patent application No. PCT/CA 94/00144. The DNA sequence coding forthe 
polypeptide identified as SEQ ID NO:1 is given as SEQ ID NO:23 in the sequence hsting of 
this specification. 

A DNA sequence or fragment of the present invention may be any fragment 
that contains a nucleotide sequence which encodes a polypeptide of the present invention. In 
addition to any of the above coding sequences, the DNA fragment can have an appropriate 
promoter and an SD sequence (or a suitable ribosome binding site) at its 5'-end, and ,f 
necessary, a nucleotide sequence containing a translation initiation codon at the 5'-end and a 
25 nucleotide sequence containing a termination codon at the 3-end. 

As known to those skilled in the art, the genetic code is "degenerate". A 
nucleotide in a gene sequence can thus be replaced by another nucleotide in accordance with 
the degeneracy of a particular codon (coding triplet), without changing the ammo acid 
sequence of the polypeptide coded for by the gene. A DNA fragment of the present invention 
can thus be derived from any of the above sequences (and DNA sequences corresponding to 
substituted polypeptide or other analogues not explicitly illustrated), and such replacement 
might be done in such a way that the resulting codon(s) shows a high utilization frequency ,n 
a specific host cell when producing a polypeptide of the present invention using genetic 
engineering techniques. 



15 



20 



30 



49- 



employed in peptide synthesis. " 1- ' ^" - ^ M ^ 
for example, fen*. «-* ^ 7"""£L*»* ^ 

groups, for example t-butoxycarbony. o 

protected amino a* ^ Uesis: «■ " " ~" 

groups, can be used (Stewart et al., SolidPn 4 (1963); Va |e el al.. 

science 213, ,394-1397 (1981), and Man.e e, a ^ An C & 
20 Synthetic methods are also descnbed in Tn»P e * ^ ^ ^ by 

(Sp r,n 8 - V eda g 198,,. These and o her - < P*- J ^ and 

U.S. Patent Nos. 3,862.925, 3,842.067, 3,972.859, 

4,305.872. „«,.«i,ed using manual or automatic techniques, 

'^rSZZZZZZ* ^er Cit, C*rnia, or a 
25 for example, an Applied B,oSystems 430A Pephd V 
BiosearchSAM11automat = ^ 

Compounds of the presem nreve ntion and treatment of 

b0 „e reduction related to a disease. Compounds »- B , eroute . me 

30 boneomwth.inthetreatmentofos,^ 

such as those described herein.- comp0 sitions containing an effective 

35 amount of compounds of the presem ^ descnbed 

above Such compositions can aiso ue H 
gel or solid diluents, adjuvants and excipients. 
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part icu,ar,y as human ^^^^X. dosage -id * - * 
and 300 mg or more per kg of bodyweigh, M P u may be the 

neighborhood offrom about 0.1 .0 abou, 30 ^ ^ or , ess ttl8n „„ce per day, depending 
preferred fluency o, administration would be - o( lreatment 

upon the route o. administration, oon— , and he van ^ ^ 

1 freguency o, and amount used ^^Z^ > » give. The dosage o, an y 
depends on the subject and to wh,* effea such a ^ ^ 

, 0 ne or more o, the compounds will adnli „ islrafo „, an d the mamma, 

or combination of compounds be.ng ^^^^ of compounds can be 

— dMer rar m aceu,ica, ^^^^--^^SU" 

resolution. — -^^^1^^---- 

bone growth and/or treatment o, osteopo - A jnjedion may 

20 suspension; solid forms suitable tor solubon ,n o s» P ^ fc ^ 

a,so be prepared. The preparation may aiso be e™^ ^paMe with the 

. =rrzr.-=.--- 

stabilizing or pH buffering agents, and the Mce , of , he compounds in 

pnarmaceutica, prepare aocep , ab ,e o.an,c or 
^mixture with conventional «- with the compounds, and which 

inorganic carrier substances wh.ch do not deMeno y ^ 
3„ possibly enhance the storage and ^P-"* Th6 

pro0 edure may include the steriiizahon ^^^L^ stabiiizens, salts for 
may pe m*ed with auxiliary d l tert0 usly w*h the compounds, 

influencing osmotic pressure, etc., which admi „ istered parenterally, by injection, 

T„e compositions are convention ily a dm» . P ^ 

35 ,orexamp,ee B hersuPcu, a neous,yo = 

su nab,e for other modes o, -"-""^ "** 3^ Wnde rs and excipients may 
some cases, oral formulations. For suppo ^ g ^ may be fomed 
inc ,ude. for example, polygene glycols or tngl cend es ^ 
from mixtures containing the active ingredient ,n the range 



51 - 



10 



15 



gra des of mannnoi, lactose, star*, , ake the form of solutions, 

"magnesium carbonate, and the like, ons, « ^ 

suspensions, tablets, pills capsules sus ned re ^ . ndude 

10% - 95% o, active Ingredient, preferably 25 ^ 
formulatlonsdesignedtopmte^ 

The peptide compounds may be t sa „ s 

(for „ed - the free amino groups, and wh ch are ^ ^ ^ ^ 

hlstidlne, procaine, and the like. h omopolymerized to themselves (..e.. 

The compounds o, the '"^ ^ compounds can also be con W a,ed to 
( pe P ,ide)n) or, he.eropolynted.ed to °"-"" LT „ 6race & co,Conn.>. 
biocompatible polymeric compounds, such a DNA sequence encoding a 

„ pre pared using recombinant « auWmated 

,echni,ues, or the coding sequences o ^ ^ mese ved o>s are 

trar ,sformed Into appropriate hosts. A variety o P 

us ed, including both procaryotic an ,^*J^ ^ ^ o( E . 

Procaryotes most <^'» as ^ ,„r example ba*s 

However, other microbial strains may also » » . ^ ^ procaryotic 

su «, various species o, Pseudomonas^ r m > de , Ked 
systems, ptasmid vectors which — pi, a e. coil istypically 

from a species compatible w«h he hos are u ^ ^ & ^ ^ 

Uansformed using derivatives of pBR3a . P * ^ are dehned 

etaM1977) Gene 2:95. Common,, us « 

herein to ,n*de promoters <<*™^ ^°^ used promoters as the be,, 
rib „some binding s„e sequences, indude "-£TJ et a ,, (1977 ) Nature 

la ctamase (peniciilinase), lactose 'J, , a , (1990) Nu c,e,'c R- 

,98:1056), the tryptophan (fro) promote. w*m ( ^ ^ (Shjmatake 

^-r f r^^^'--- , ^ ,B, " w, " ,,i,, 

et al., (1981) Nature 292.1^. n 

prokaryotes can be used. e ukaryotic systems of the invention 

The expression systems useful .n the eu jy ^ useful 
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dehydrogenase premiers. * "- " 

Hoiiand. CM J «- Cam 25,5 * (1984) Mo, Ce,, Bio, 4.1440) 

— ^7iCT^--^«> 256:1385>or,he 

«,ose.or3-phosphoglycera.eluna^(H (1978) Gene 8:121). 

Leu2 gene ob.ained fro. YE P 13 BroacM^ * ^ and |a(e promotere <rom 

Suitable mammalian promoted >nc.u cn as those derived 

W P*-- adenovirus «. ^ pla „, ceiis are used as an 

lntesra ,e into the chromosome o, a — nl^osl. ^ ^ ^ 

inc ,ude a replication system, these ™"'Z2l wnaway vedore may be 

number - -e«er than about 1000. integratlon or „ a rep,,ca«on system, 

empioyed. V*e,her provided on a v ec, ^ ^ ^ ^ ^ ^ an 

« sequence encoding a P-^**£, me , alto ,hioneins. thymidine Kinase, orthe 
ampiitying gene such as ~ and the target gene can be under the 

, iK e. ,n orocaryotic systems, bothth reoio ns. 
regula ,ion o. the same .ranscripWna, nd . ansWo ^ of host 

Usualiy, the vector «n mdude a mrf« ^ ^ ^ and 

oeils containing the expression such as promoted, additiona, 

ls unde^tood in the art. in add«n o . i ed n* ^ of n . „ 

sequences such as enhancers can aiso emp y ^ ^ such as 

the poiypeptide ,s to be secreted. ^ and 4 , M6 , 08 2 may be empioyed. 

those described in U.S. Pat. Nos. 4,336 336^ fc secreted 

The signa, sequence is enzymatic* aeaved <*£»^ ^ ^ using standar d 

Copending on ^^"^^ employing caicium ohiond, as 
techniques appropriate ,0 such c* The c lc,um _ ^ ^ ^ 

described by Cohen. S.N., (1972) Manua , (1 98 2) Coid Spring 

.escribed in Man* e. a,.. M*«*r < *~ r '^^.^-ot. contain substantia, ceii wa,i 
Harbor Press, p. 254 is used for proKaryo.es o *e c ^ ^ 5) 

ba rr,ers. intection with AS— ^^^«* -*™ 
is used .or certain pian, ce„s. For mammal » c*« ^ is 

P n„spna.e predion methodotoraham c ^^^.e. acc ord,n 9 .o. he method 

of Van Solingen,P..etal.,li»"J 
Acad Sci USA 76:3829. 
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tra „s,ected - appropriate ho* «d«« * ^ ^ ^ ^ ,„ 

contained on the expression vectors. 8 > d that . promoter which 

order to produce the desired polypeptide, it ,ssom* P ^ ^ ^ Mn „ e 

, rar , be controlled hy reoulatma conditions ,n ^ , nvention is 

not expressed, and then produCon of the poW P^ ^ ^ grown .„ (he 

presence of tryptophan and expression ,s then 1 duced V ^ ^ ^ 

. concentration or b, add-on o, • ^ 1 temperature, such as 
is under control of the PL promoter, the ffien elevaled t0 activate this 

be harmful to the growth of the , cell intracellularly , or in secreted form by 

The polypept.de can be produced ,n ^ jn ^ 

20 appropriate host. rprnvered from the medium or from the cells using 

The polypept.de is recovered from 

di sclosed herein couid be generated, as deve|oped using „ antibody 

poiypeptideCSEOIONO^ . 

l„n reporter systems indude radiolmmuno -^lay (ELISA) vouid have in 
(1R MAs>. ~e,y. an enzyme-linKe ler^ily, bu,«ou,d oeneraliy not 

M common «i,h KIAs and IRWIAs a <^*^^ ™y be produced or a, 
rely upon the use of radioisotopes. A visu* «M* ^ ^ 

,eas, one detectable In a spectrophotometer. An ass y y 0 ^ 
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invention to de.ec, the presence o, a particular polypeptide. VW. standardized sample 
in and treatment, polypeptide presence above . threshold ««* ,n blood se^m 
Mu , dw e,,bede— ^^^^^i,,-, 
determining whether blood serum of a subject contains a deficient amount o, the polypept, e. 
TenTnorma, threshold concentration of such a polypeptide in blood serum of a 0 ,ven type 
nf subject test kits could thus be developed. 

o, subject, ^ patents pending palen , app|iMtlons . 

.escribed above are incorporated herein by reference. This application also incorporates by 
reference the specifications of UnKed States Patent Application No. 031 ,386, flled Marc* ,12 
^3 NO. 120.217 filed September ,3, 1993; No. 302.485 filed September 12, 1994; and No. 
487,074 filed June 7, 1995. 



